Summary
Introduction
Mucoid degeneration of the anterior cruciate ligament (ACL) is a benign knee pathology with a frequency of 1.8 to 5.3% [1, 2] . Very little information exists about this clinical entity, which was first described in 1999 [3] . ACL mucoid degeneration is a degenerative disease characterized by diffuse infiltration of a mucoid substance in the ligament, which differentiates it from cyst-like lesions (synovial and mucoid cysts). It presents clinically as pain in the popliteal fossa and limited flexion range of motion. The suspected clinical diagnosis can be confirmed by MRI using the criteria described by Bergin et al. [1] : generalized hypersignal of the ACL in T1 and T2, overall increase in the ACL volume, continuous fibers in T2. Further confirmation is provided by histology of intra-operative biopsy samples that show mucoid (glycosaminoglycan) infiltration of the ACL. No consensus exists as to the appropriate arthroscopic treatment for this condition. Options are periligamentous reduction plasty to restore the original ACL volume, partial resection [4] [5] [6] [7] [8] [9] , or more commonly, complete ACL resection [10] .
The goal of this study was to retrospectively evaluate the effects of reduction plasty for ACL hypertrophy from clinical outcome and knee laxity points of view. The reduction plasty technique used in this study aimed to return the ACL back to its original volume, a notable difference relative to previously mentioned resection techniques. We hypothesized that volume reduction plasty would be as effective in treating pain and flexion limitations as ACL resection (partial or total), without causing symptomatic residual knee laxity.
Patients and methods
This was a single-center, single-surgeon (HR), retrospective study of 23 knees in 21 patients (two patients had bilateral involvement). There were 17 men and four women (sex ratio 0.85) and the average age was 50.4 years (range 31-70) at the time of the procedure. Patients were operated on between December 2005 and June 2012. Patients were included if they were symptomatic (flexion limitation and/or pain) and presented with the hypertrophic form of ACL mucoid degeneration based on MRI criteria [1] . Patients were excluded if they had cyst-like lesions or the atrophic form of ACL mucoid degeneration. The clinical and radiological features of these patients are presented in Supplementary data, Appendix 1. Seven of the patients were recreational athletes before symptoms started, but none at a high level. Twenty-two of the 23 knees had an average flexion deficit of 19
• (range 10-50 • ), relative to the contralateral knee; average knee flexion amplitude was 118
• (range 80-135
• ). Before the surgery, none of the patients complained of instability and no anterior laxity was detected through clinical testing or with a knee arthrometer (GNRB TM , Laval, France). Four patients had a previous medial meniscectomy and one had a lateral meniscectomy.
All patients underwent a knee MRI to confirm the diagnosis; in six cases, the radiologist found a chronic ACL tear. Bone lesions were found in five cases: three with femoral condyle bone cysts on the axial face of the lateral condyle and two with tibial cysts under the intercondylar eminence. MRI sagittal slices were used to calculate the sagittal notch angle (SNA); frontal slices were used to calculate the ratio between the width of the ACL and width of the notch (Intercondylar Notch Index) [9] . All patients were operated on an out-patient basis. Arthroscopy was performed with a tourniquet through two portals: anteromedial for the instrumentation and anterolateral for the 30
• scope. The diagnosis was confirmed by the presence of an ACL that was hypertrophic, bulging into the notch, yellowish in color, hard when probed with hook and that still had continuous fibers. The synovial membrane was absent or atrophied in most cases (Fig. 1 ). These observations were consistent with the diagnostic criteria used by McIntyre et al. [11] . The amount of bulging on the anterior, medial or lateral sides was noted and used to guide the volume reduction procedure. In one patient, only the anteromedial bundle was affected (Fig. 2) ; in all the other patients, both bundles were affected. The following meniscus injuries were also found during the arthroscopy (61% of patients): six cases of medial degeneration, one case of lateral degeneration, two cases with medial and lateral degeneration and five cases of isolated meniscus injury. Three patients had a partial meniscectomy during the arthroscopy procedure because their meniscal tear was deemed symptomatic.
The arthroscopy treatment consisted of ACL reduction plasty by circular debridement using a radiofrequency ablation (RFA) probe to reduce the volume of the hypertrophied ACL. The debridement started on the anterior side and was then taken medially, laterally and posteriorly. The probe swept across the abnormal area from top to bottom, while focusing on the areas with the largest bulges. The goal was to return the ACL to its original volume while also removing any lateral or superior impingement with the notch during extension and with the posterior cruciate ligament. This volume reduction recreated the space between the two cruciate ligaments and joined the pre-and retro-ligamentous spaces. The plasty procedure focused on the peripheral aspect of the ACL, without trying to remove any of the intra-ligamentous mucoid substance. The volume reduction stopped once the impingement had been removed. As many ligament fibers as possible were preserved (Fig. 3) . The patients were allowed to bear weight on their leg and freely move their joint after the procedure. Patients having problems with recovery were provided with rehabilitation sessions once the sutures had been removed.
The evaluation at the latest follow-up sought to uncover any residual pain, asymmetry in full flexion (measured by goniometer) and instability. The KOOS and IKDC functional scores were used in the postoperative assessments. The residual laxity was evaluated with the knee arthrometer at 134 N [12, 13] . If the difference in the knee laxity between preoperative and postoperative measurements was greater than 3 mm, the functional loss was considered complete; if it was greater than 1.5 mm but less than 3 mm, the loss was partial. The ACL was considered normal if the difference in laxity was less than 1.5 mm. The elasticity slope was measured and the difference between preoperative and postoperative values calculated. If the difference in slope was less than 12 m/N and the difference in laxity was Figure 3 Appearance of ACL after circular reduction plasty: normal ACL volume is restored and impingement no longer exists, even without a notchplasty. between 1.5 and 3 mm, there was a partial loss in continuity. If the difference in slope was greater than 12 m/N and the difference in laxity was greater than 3 mm, there was a complete tear [14] .
A paired Student's T-test was used to compare preoperative and postoperative knee flexion values with SSPS ® software. Data for the SNA and ACL Notch Index were compared to published historical data [9] using a T-test.
Results
All the patients were evaluated by an independent examiner (AM or AC) who had not been involved in the surgical procedures. The average follow-up was 32 months (range 8 to 70), with a median of 24 months.
No local or systemic complications were noted. The pain was completely gone in 20 of the 21 patients (within two months in 15 cases). One patient with both ACL mucoid degeneration and trochlear dysplasia did not get any pain relief from the initial procedure and was operated a second time for the dysplasia. All but three patients regained the same range of motion as the contralateral knee. Flexion had increased by 18.5
• (range 10-40 • ) (P = 0.03) on average. The average IKDC score was 81 (range 45-97); the average KOOS score was 88 (range 56-99); the average KOOS pain score was 90 (range 60-100). All the patients who were recreational athletes before the procedure were able to return to their sport.
None of the patients reported any subjective episodes of instability. Nineteen of the knees were stable when tested clinically. One patient had a delayed hard endpoint and three patients had a soft endpoint. One patient had a moderate pivot shift sign. None of the patients required an ACL reconstruction. Twenty of the knees were tested on the GNRB TM knee arthrometer; the three other knees could not be tested because of technical issues. No postoperative laxity was found in 16 of the knees (average difference of 0.7 mm). Four knees had an abnormal difference in laxity: Figure 4 Visualization by arthroscopy one year after resection plasty for diffuse ACL mucoid degeneration; the ACL has returned to its normal volume.
one knee had evidence of a partial tear (laxity difference of 2.4 mm, slope difference of 10 /N); three knees had evidence of a complete tear (difference of 3.4 mm, 3.5 mm and 3.8 mm, respectively, with the slope difference being above 12 /N in all cases).
One patient had another arthroscopy one year later for symptoms of a medial meniscus tear. The ACL appeared well restored with a synovial membrane of normal thickness, no impingement with the notch and good fiber tension found when using a hook probe and the GNRB TM arthrometer (Fig. 4) .
Based on the MRI, the average sagittal notch angle (SNA) was 35.4
• (range 32-44 • ) and the average ACL Notch Index was 0.56 (range 0.44-0.77).
Discussion
Conservative treatment through circular volume reduction of the hypertrophic form of ACL mucoid degeneration was effective in reducing pain and restoring lost flexion amplitude. This is a simple treatment that provides good functional recovery and is performed on an out-patient basis. Since most of the ACL is preserved, even if infiltrated by mucoid substance, the knee is still clinically stable. No recurrence of the clinical signs was found at an average follow-up of 32 months. This treatment modality does not apply to atrophic forms of ACL mucoid degeneration, which seem to be rarer.
The persistence of knee pain in two patients (other than patellofemoral dysplasia) suggests that the associated tibiofemoral lesions may also play a part. In the current study, 61% of patients had meniscal tears and/or degenerative changes in their condyles. Kim et al. had found associated lesions in nearly 95% of cases [5] .
The four cases of postoperative laxity (between 2 and 4 mm) in the current study suggest that the ligament became more fragile either because of the intrinsic mucoid infiltration or due to overly aggressive debridement. It is difficult to determine the right amount of volume to remove during the surgery. The RFA probe must be used with care because of the risk of deep burns, which would become apparent later on. In some patients with a wider notch (high ACL Notch Index), the ACL reduction plasty excessively reduced the final size of the ACL -to less than the original ACL size -which probably explains why the difference in laxity was greater than 3 mm. The GNRB TM is very precise and sensitive for detecting partial ACL tears [13] . In one study of 27 patients (29 knees) treated with resection, the rate of postoperative laxity was 93% (laxity difference of 5 to 8 mm on Telos TM ), with two patients requiring subsequent ligament reconstruction [10] . Rolf and Watson reported secondary instability 14 weeks after the surgery [15] . McIntyre et al. reported one case of non-traumatic instability out of 10 knees, one year after the surgery [11] . Nishimori et al. recommended systematic ACL reconstruction in younger patients [8] .
The conservative treatment proposed in the current study must be differentiated from partial resection, which could remove half of the ACL [10] . The lack of pain recurrence provides further support for the ''minimalist'' plasty procedure proposed here. Many studies advocate the use of partial resection [4] [5] [6] 8, 9] . The results are similar to the ones reported in the current study in terms of pain reduction, but occasionally the ACL had to be reconstructed because of residual laxity [10, 16, 17] . Others advocate complete ACL resection [10] .
In some cases, ACL debridement is combined with a notchplasty [4, 5, 17] . The latter procedure is not essential in our opinion, since the notch impingement no longer exists after the ligament volume is reduced. Our study also confirms the role of a narrower and more vertical notch in the etiology of the pathology. The measured sagittal notch angle (SNA) of 35.4
• (32-44
• ) was less than in historical data with normal knees (39.1 ± 4
• ); the ACL Notch Index was higher in the current study (average 0.56; range 0.44-0.77) than in normal knees (0.26 ± 0.04) [9] . Other studies have also implicated the notch [9] . These elements reinforce the hypothesis that microtrauma leads to mucoid degeneration of the ACL, since the ACL impinges with the notch repeatedly during extension movements. A recent study also established the relationship between greater tibial posterior slope and ACL mucoid degeneration [18] .
The main limitation of the current study was the lack of a control group undergoing complete ACL resection, to which the clinical and knee laxity results could have been compared. A randomized study comparing these two surgical strategies should be performed in the future.
Conclusion
Circular volume reduction plasty for the hypertrophic form of ACL mucoid degeneration led to good subjective and functional results, while preserving the ACL's stabilization function and avoiding the need for secondary surgery.
